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PROCESS FOR APPLYING A DECORATIVE PATTERN TO EARPLUGS 
CROSS-REFERENCE TO RELATED APPLICATION 

5 The application claims the benefits of United State Provisional Patent 

Application No: 60/208,250, filed May 31, 2000, the content of which is incorporated 
herein by reference in its entirety. 

Background 

10 

Environmental sounds typically include a mixture of various sound wave 
frequencies having varying intensities. It is well documented that repeated or 
prolonged exposure to sounds of sufficiently high sound pressure level will cause 
temporary or permanent hearing loss. For example, exposure to sound waves of 

15 some frequencies and of varying intensities under prolonged exposure can damage 
the auditory organ and cause serious hearing problems, including deafness. 
Injurious noises such as those caused by explosions or bursts often include a 
mixture of sound wave frequencies of varying intensity. These disturbing 
frequencies are in both the high and low frequency bands and have an intensity 

20 sufficient to cause hearing problems. Individuals who are frequently exposed to 
sound having such disturbing and sometimes dangerous frequencies and intensities 
run the risk of incurring such injuries as hearing loss or even deafness. These 
individuals include workers at demolition or construction sites, operators of heavy, 
noisy equipment and those in active military service. Ear (i.e. hearing) protection is 

25 needed to prevent a loss in hearing acuity and the gradual increase in the threshold 
of hearing resulting from extended exposures to loud noise. Sound attenuation 
devices are known which specifically address this problem. These include earplugs, 
earmuffs, and the like which function to reduce the negative effects of exposure to 
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dangerous frequencies by limiting the entry of all sound waves into the auditory 
organ. 

Earplugs may be with a base color. Earplugs may also have multiple colors. 
One method of forming an earplug having multiple colors is to cast in succession the 
5 earplug so that individual colored sections are formed. Another method of 

manufacture comprises molding the earplug with a predetermined number of colors. 
However, these processes for coloring the earplugs are complex and costly due to 
the use of multiple streams and/or molds. 

In another method, multi-colored earplugs may be formed by mixing colors 
10 during the formation of the earplugs. One of the associated disadvantages of this 
method is that the coloring is not consistent from one earplug to another. In other 
words, the coloring is often random from one earplug to another earplug and this 
results in a lack of consistency from one earplug to another earplug. The pattern is 
therefore not consistently repeated in precise detail from one earplug to another 
15 earplug. 

Summary 

The above-discussed and other drawbacks and deficiencies are overcome or 
20 alleviated by the printing process below described. An undecorated earplug .is 
delivered to a printing device which is designed to apply a pattern to one or more 
sections of the earplug. 

In the an exemplary embodiments, pattern may be formed of a custom 
logo(s); printed text, such as a company name or product name; decorative patterns 
25 and other patterns used for graphic styling or earplug identification. In another 
exemplary embodiment the pattern may be applied along the length of the earplug 
as well as on either end of the earplug. The pattern may further be formed of any 
number of colors and is not limited to a specific or single color. 

In another exemplary embodiment, the undecorated earplug is conveyed to a 
30 printing station which includes the printing device and further optionally includes an 
alignment device which serves to orient the earplug relative to the printing device. 
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The delivery of the undecorated earplug as well as the printing device may be part of 
an automated system which offers high speed performance and is designed to 
pattern the earplugs so that the pattern is repeatable and consistent from earplug to 
earplug. The earplug may be oriented so that the pattern may be applied to any one 
5 of the sides of the earplug as well as to either of the end surfaces of the earplug. 
Any number of printing devices may be used so long as the printing device is 
designed to provide an effective transfer of the pattern onto the earplug. 

According to one embodiment, the printing device comprises an ink jet printer 
and the printing process is characterized as a non-impact printing process. During 
10 this non-impact printing process, the earplug is not deformed by the printer but 
rather is oriented so that the pattern is applied to the preselected, specific areas of 
the earplug 

By using this or a similar type of printing device, the pattern may be repeated 
over and over with precision. Therefore, the appearance of the earplug will not 
15 significantly vary from one earplug to another earplug. This type of printing process 
is also cost effective and simple and produces earplugs having consistent patterns 
formed thereon. 

The above-discussed and other features and advantages of the present 
invention will be appreciated and understood by those skilled in the art from the 
20 following detailed description and drawings. 

Brief Description of the Drawings: 
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Referring now to the drawings wherein like elements are numbered alike in 
the several FIGURES: 

FIGURE/I is a perspective view of an earplug according to a first embodiment 
Showing a firsjfgraphic design; 

FIGURE^* a perspective view of an earplug according to a second 
embodim/nt sfhgfofiog a second graphic design; 
30 FIGURE 3 is a perspective view of an earplug according to a third 

embgfQiment showing a third graphic design; 
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FIGURE 4 is a perspective view of an earplug according to a fourth 
embodiment shoeing a fourth graphic design; 

FIGURES is a perspective view of an earplug according to a fifth embodiment 
showing a fiftt( graphic design; 
5 FIGUREyo i/a perspective view of an earplug according to a sixth 

embodiment smmrn^a sixth graphic design; 

FlffiURE 7 is a general schematic drawing outlining a printing process 
accordi/g to the present invention; and 

/FIGURE 8 is a perspective partially cut-away view of an exemplary nozzle 
10 assembly for transferring ink onto a surface of the earplug to form the pattern. 

Detailed Description of the Preferred Embodiment 

Referring now to FIGURE 1 in which an exemplary earplug constructipn 

15 according to a first embodiment is illustrated and generally indicated at 10. The 
earplug 10 may have any number of shapes and sizes and is formed from suitable 
materials which are designed for earplug construction. The earplug 10 has a first 
end 12 and an opposing second end 14. The earplug 10 has a predetermined first 
pattern (first graphic design) formed thereon and generally indicated at 20. The first 

20 pattern 20 may comprise any number of color patterns and be formed of only one 
color or be formed of a multitude of colors. In the illustrated embodiment, the first 
pattern 20 resembles a flame and is formed such that the first pattern 20 is visually 
distinct from the remaining unpatterned portions of the earplug 10. For example, the 
earplug 10 is formed of a base color and the first pattern 20 is formed of at least one 

25 second color which is visually distinct from the base color. When it is desired for the 
first pattern 20 to resemble a flame-like graphic display, the first pattern 20 may be 
formed of a red or orange color and the base color is yellow. 

Now referring to Figure 2 in which an earplug 30 according to a second 
embodiment is shown. In this embodiment, the earplug 30 has a first end 32 and an 

30 opposing second end 34. The earplug 30 has a second pattern 40 formed thereon. 
In the illustrated embodiment, the second pattern 40 is formed at one of the first and 
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second ends 32, 34 and comprises an indicia display area in which a logo or the like 
may be formed and will be visually apparent to users and other individuals. When it 
is intended for the second pattern 40 to comprise an indicia display area for 
displaying a logo, the second pattern 40 may take any number of shapes and sizes. 
5 In the illustrated embodiment, the second pattern 40 has an oval shape in which the 
logo (not shown) or any other symbol or character(s) may be provided. The earplug 
30 will likely have a base color and the second pattern 40 will preferably be formed 
of a second visually distinct color in comparison to the base color. For example, the 
second pattern 40 may have a border formed of one color and then the logo printed 
10 therein is formed of another color. The base color is preferably yellow. It is further 
understood that the second pattern 40 may also be formed on other locations of the 
earplug 30 besides at one of the first and second ends 32, 34. For example, the 
second pattern 40 may be formed on the earplug 30 between the first and second 
ends 32, 34. 

15 FIGURE 3 shows an earplug 50 according to a third embodiment. Earplug 50 

has a first end 52 and an opposing second end 54. Earplug 50 further has a third 
pattern 60 formed thereon. The illustrated third pattern 60 is formed of a plurality of 
stripes 62 which extend circumferentially around the earplug 50. The earplug 50 is 
formed of a base color and the plurality of stripes 62 are formed of a color which is 

20 visually distinct from the base color. It will be appreciated that the plurality of stripes 
62 may be formed of one or more colors so long as each color is visually distinct 
from the base color. Each stripe 62 may have a predetermined width and the 
spacing between stripes 62 will also accordingly be variable. In the illustrated 
embodiment, there are three stripes 62 which extend around the earplug 50, wherein 

25 next adjacent stripes 62 are parallel to each other. The base color is preferably 
yellow. 

FIGURE 4 shows an earplug 70 according to a fourth embodiment. Earplug 
70 has a first end 72 and an opposing second end 74. The earplug 70 is generally 
cylindrical in nature and therefore includes first and second end surfaces 76. The 
30 earplug 70 has a fourth pattern 80 formed thereon. The fourth pattern 80 comprises 
a swirl-like pattern formed of a color which is visually distinct from a base color of the 
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earplug 70. The base color is preferably yellow. It will be understood that the 
illustrated fourth pattern 80 is merely exemplary in nature and any number of 
patterns may be used to provide a design to the earplug 70. The width of the 
colored markings which form the fourth pattern 80 may be varied depending upon 
5 the application and to create a different visual look for the earplug 70. 

FIGURE 5 is a perspective view of an earplug 90 according to a fifth 
embodiment. In this embodiment, the earplug 90 has a fifth pattern 100 formed 
thereon and as illustrated, the fifth pattern 100 comprises a predetermined number 
of longitudinal stripes 102 which extend between a first end 92 and an opposing 

10 second end 94 of the earplug 90. The longitudinal stripes 102 are spaced 
circumferentially around the earplug 90. In the illustrated embodiment, each 
longitudinal stripe 102 has a generally rectangular shape and it will be appreciated 
that the width of the longitudinal stripe 102 may be varied which thereby varies the 
distance between next adjacent longitudinal stripes 102. The earplug 90 is formed 

15 of a base color and the fifth pattern 100 is formed of a visually distinct color relative 
to the base color. 

FIGURE 6 is a perspective view of an earplug 1 10 according to a sixth 
embodiment. In this sixth embodiment, the earplug 110 has a sixth pattern 120 
formed thereon. The exemplary sixth pattern has a first end 122 and an opposing 

20 second end 124 with the second end 124 having a width greater than a width of the 
pattern 120 at the first end 122. Thus, the sixth pattern 120 presents a design which 
tapers from the second end 124 to the first end 122. The earplug 1 10 is also slightly 
different than the earplugs of the other embodiments in that the earplug 110 has a 
first end 112 and an opposing second end 1 14 with a tapered section 116 being 

25 formed therebetween. The first end 112 thus has a greater diameter than a 

diameter at the second end 114 and the first end 1 12 is intended to be a free end 
which is grasped by a user for insertion and removal of the earplug 110 into an ear 
of the user. The opposing second end 1 14 is intended to comprise an insertion end 
which is inserted into the ear of the user. 

30 It will be understood that the above-described and illustrated patterns (graphic 

patterns) are merely exemplary in nature and that any number of patterns may be 
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formed on the earplug including providing graphic design's decoration and 
characters which serve to identify the particular individual earplug. It will also be 
appreciated that the particular shape and size of the earplug may be varied 
depending upon the particular application. 
5 Referring to FIGURES 7-8, an exemplary process for coloring earplugs is 

described. Broadly, the exemplary process comprises orienting and conveying 
unpatterned earplugs 200 past a high-speed printing device 210. Such an 
exemplary process, wherein the earplugs 200 may be delivered and transferred from 
the printing device 210 through a high-speed automation assembly, provides a 
10 pattern that is repeatable and consistent from earplug to earplug. (The printing 
device 21 0 may also be designed so that it may be aligned relative to the earplug 
200 so that all sides and the ends of the earplug 200 may be printed on by the 
i printing device 210.) 

0 The printing device 2 1 0 may comprise any number of suitable printing 

* 15 devices which are designed to effectively print a pattern on a surface of the earplug. 
't The printing device 21 0 may comprise an impact type printing device or a non- 

3 impact printing type device in which the printing device 210 does not contact the 

3 earplug. Suitable impact type printing processes in which the printing device 210 at 

least makes partial contact with the earplug during the print transfer are PAD based 

* 20 printing processes and a heat transfer printing process, as will be described in 

1 greater detail hereinafter. Suitable non-impact printing processes include but are not 
limited to laser printing processes, ink jet printing processes and dot matrix type 
printing processes. 

In one exemplary embodiment, the printing device 210 comprises an ink jet 
25 printer. One particularly suitable ink jet printing device 21 0 is commercially available 

from Willett under the trade name "460 Si Continuous Ink Jet (CIJ)". This printing 
device 210 is designed to produce high quality print on a wide range of products and 
according to the present invention is used to produce the pattern or graphic display 
on the earplug 200. The printing device 210 includes a controller 212 which is 
30 operated with software so that a user may program and monitor the printing device 

210 and define and store desired patterns and graphic displays for application onto 
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the earplug 200. A suitable ink jet printer 210, such as the one identified above, 
operates by supplying ink under pressure to a nozzle assembly 230 where the ink is 
forced out through a small orifice. The nozzle assembly 230 is vibrated causing the 
ink jet to break up into a continuous stream of small droplets. These small droplets 
pass through a charge electrode 232 where an electrical charge is applied to the 
droplets. The charge is varied depending upon where the droplet is to positioned on 
the product substrate. A microprocessor control system monitors the feedback from 
the phase detector to check that droplet charging is synchronised to droplet break 
up. The charged droplets then pass through two deflector electrodes 234, 236 
which have a contact voltage difference applied between them. As droplets pass 
through the electrical field produced between the electrodes 234, 236, the droplets 
are reflected from their original path by an amount proportional to their charge. The 
deflected drop will then strike the substrate and by varying the charge on 
consecutive drops, a predetermined column can be printed. As the substrate moves 
the further columns can be printed to form characters or graphics. It will be 
appreciated that the printing device 210 is preferably fitted and programed so that 
color printing is available. It being understood that other types of printing devices 
may be used to form the pattern on the earplug and the present invention is not 
limited to the above-described printing device which is merely exemplary in nature. 
The printing device 210 may be designed so that one printing device 210 serves to 
print a single color on the earplug 200. Thus, it will be appreciated that multiple 
printing devices 210 may be used to provide a multi-colored decorative pattern. 

In one aspect, the earplugs 200 may be delivered to the printing device 210 
using conventional transportation mechanisms including using conveyor systems. 
During a non-impact printing process, the earplugs 200 do not contact the printing 
device 210 and therefore, the earplugs 200 do not deform as a result of pressure 
being exerted on the earplugs 200 by the device 210 itself. This permits the 
earplugs 200 to advantageously maintain their form during the printing process. 
Once the earplugs 200 are delivered to the 

printing device 210, the earplugs 200 may be properly positioned relative to the 
printing device 210 so that the printing device 210 has access to all sides of the 



8 



CAO-0090 



earplug 200 and also to the end surfaces of the earplug 200 for forming the pattern 
thereon. An orientation mechanism, generally indicated at 213, may be used to 
position the earplug 200 relative to the nozzle assembly 230 and manipulate the 
earplug 200 so that various sides are positioned relative to the printing device 210 to 
permit the pattern to be applied thereon. It will be appreciated that the nozzle 
assembly 230, which disperses the ink, may be coupled to a controller 240 which is 
designed to control movement of the nozzle assembly 230. Thus, depending upon 
the precise application, the nozzle assembly 230 may be moved to a first position for 
forming a graphic or other printed pattern on a first portion of the earplug 200 and 
then the controller 240 causes the nozzle assembly 230 to be moved to a second 
position relative to the earplug 200 where the same or different graphic or other 
printed pattern is applied to the surface of the earplug 200. 

In another aspect, the controller 240 may be connected to a microprocessor 
242 and computer unit which serves to drive the nozzle assembly 230 to 
predetermined sections of the earplug 200 as a result of user inputted information. 
The computer unit may be designed to store the precise shape of the earplug 200 
being used and also the computer unit stores a number of preselected graphic 
designs and other printed patterns. Based on the information the user inputs and 
more specifically, based upon the type of earplug being used and the selected 
graphic pattern, the nozzle assembly 230 and more generally, the printing device 
210 may be moved relative to the earplug 200 by the controller 212 and the 
computer unit so that the selected graphic pattern (or other printed pattern) may be 
applied to the earplug at specific sections thereof. The nozzle assembly 230 may be 
disposed in a shoot or the like and positioned above the earplug 200. The shoot 
serves to fix the nozzle assembly 230 relative to the earplug 200. 
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In another aspect, it will also be appreciated that the earplug 200 may be 
delivered to a printing station which houses the printing device 210. At the printing 
station, the earplug 200 may be manipulated so that any one of its sides and/or end 
surfaces face the printing device 21 0 for application of the graphic pattern or other 
5 printed pattern on selected portions of the earplug 200. In this configuration, the 

nozzle assembly 230 is more stationary than the previous printing configuration and 
the earplug 200 may be adjusted relative to the nozzle assembly 230 so that 
selected portions of the earplug 200 face the nozzle assembly 230 for application of 
graphic pattern thereto. 

10 In another aspect, it will also be appreciated that the printing device 210 may 

actually comprise more than one printing device which are spaced relative to one 
another and are orientated so that patterns are applied to selected sections of the 
earplug 200. For example, In one embodiment three printing devices 210 may be 
provided and spaced generally 120° apart from one another. When the earplug 200 

15 is positioned relative to the printing device 210, the three printing devices 210 may 
be concentrated on three sections of the earplug 200 which are each 120° apart 
from one another. Thus, the actuation of the printing devices 210 results in three 
sections of the earplug 200 being printed on and thus, three separate patterns are 
formed on the earplug 200. The patterns may be the same pattern or may be 

20 different patterns. In this embodiment, it may not be necessary to move the earplug 
200 relative to the printing devices 210 because the printing devices 210 have 
already been properly positioned and orientated to provide the patterns on the 
earplug 200. In another embodiment, four printing devices 210 may be provided are 
spaced at predetermined angles relative to one another. For example, the four 

25 printing devices 210 may be orientated in a 90° pattern so that a 90° angle is formed 
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between each printing device 210. In this design, the patterns may be thus disposed 
on the earplug 200 so that each pattern is orientated 90° relative to another pattern. 
It will be understood that any number of printing devices 210 may be used to provide 
the desired pattern appearance on the earplug. 
30 After the graphic pattern has been applied to the earplug 200, the resulting 

earplug, generally indicated at 260, may then be transferred away from the printing 
station to another location where the earplugs 260 may be packaged and/or further 
processed. 

It will be further appreciated by one of skill in the art that other types of 

35 printing devices 210 and printing processes may be used according to the present 
invention. For example, an impact type printing process involving a heat transfer 
printing process (not shown) which is suitable for transferring a decorative graphic 
pattern onto the surface of the earplug may be used according to the present 
invention. In a heat transfer printing process, a printing medium containing the 

40 graphic pattern may be applied to the earplug so that a print transfer side of the 
printing medium faces and is in contact with the earplug. Subsequently, heat may 
be applied to an opposite side of the printing medium causing the graphic pattern 
contained in the printing medium to be transferred from the printing medium to a 
surface of the earplug. This type of printing process is merely exemplary of one type 

45 of printing process which may be used to form the patterned earplugs. 

The earplugs used in the present printing process may comprise any number 
of suitable materials used for constructing earplugs. For example, many of the 
externally and internally plasticized polymeric foams disclosed in commonly 
assigned U.S. Patent No. Re. 29,487 are generally suitable for use as a material of 

50 construction for the present earplug. These plasticized polymeric foams are slow 
recovery foams which are not only comfortable, but also have been shown to deliver 
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high-in-field noise protection at all frequencies. Other suitable materials are 
disclosed in commonly assigned U.S. Patent No. 5,203,352 to Gardner which 
discloses temperature-dependent viscoelastic polymeric foam materials. 
55 Furthermore, commonly assigned U.S. Patent No. 5,792,998 discloses a 

dynamically stiff foam material having a low static stiffness and a high dynamic 
stiffness which provides improved attenuation, wherein for example, the foam 
component preferably has a dynamic spring 

constant of at least about 300 pounds per inch and a dynamic loss factor of at least 
60 about 0.25. 

In one aspect, a suitable foam material is a dynamically stiff polyurethane 
material. Applicant hereby expressly incorporates in its entirety the contents of U.S. 
Patent No. Re. 29,487; U.S. Patent No. 5,203,352; and U.S. Patent No. 5,792,998. 
In another aspect, earplugs comprising poly vinyl chloride are suitable. In another 

65 aspect, urethane foams disclosed in U.S. Patent No. 4,158,087 to Wood are 

suitable. The aforementioned patent is expressly incorporated by reference in its 
entirety. It should be understood that the above-described materials are merely 
exemplary in nature and that other types of materials may be used so long as the 
earplug may receive a graphic pattern. 

70 By using a printing device, such as an ink jet printer, the earplugs may be 

graphically patterned and other characters and the like may be formed thereon with 
relative ease and at reasonable cost. This type of printing process is also very cost 
effective by virtue of the fact that many earplugs may be processed by the printing 
device over a short period of time. The coloring and application of characters and 

75 design to the earplugs may also be done using a printing process that produces 
earplugs having a consistent and uniform appearance. In addition, the present 
process permits, through high-speed automation, the pattern of the graphic to be 
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repeatable and consistent from earplug to earplug. Furthermore, one aspect of the 
present printing process permits printing on multiple surfaces of the earplug and 
allows earplugs to be patterned and uniquely identified with the addition of a 
contrasting ink or dye which is not limited to specific or single colors. Such 

5 patterning may include, but is not limited to, custom logos, printed text, decorative 
and other patterns which are used for graphic styling or earplug identification. 

It will be understood that a person skilled in the art may make modifications to 
the preferred embodiments shown herein within the scope and intent of the claims. 
While the present invention has been described as carried out in a specific 

10 embodiment thereof, it is not intended to be limited thereby but is intended to cover 
the invention broadly within the scope and spirit of the claims. 
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